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MICROCOMPUTER

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on and incorporates herein by
reference Japanese patent application No. 2011-42175 filed
on Feb. 28, 2011.

TECHNICAL FIELD

The present disclosure relates to a microcomputer, which
has a communication module and communicates with other
communication nodes connected to a communication net-
work.

BACKGROUND

Recently operation processing of a central processing unit
(CPU) is speeded up and hence its operation speed is much
faster than those of peripheral circuits. When the CPU reads
out data stored in a register of low speed, latency increases
and processing efficiency is lowered. To prevent the process-
ing efficiency from being lowered, JP 2009-289232A (FIG.
1) for example discloses a configuration, in which data stored
in peripheral modules (low speed registers) are copied into a
register entry (high speed register), and CPUs acquire the data
by accessing only the register entry.

To maintain coherency between the peripheral modules
and the register entry, data of same value are written in both
modules and the register entry. In the midst of write cycle of
aperipheral bus of low speed, a write completion notification
is transmitted to the register entry and a flag indicating agree-
ment of data (parity bit) is set. The CPUs check, by checking
a logic level of the parity bit, whether the data are the same
between the peripheral modules and the register entry.

In a microcomputer connected to a communication net-
work, a CPU performs access to a peripheral circuit within a
chip at high speeds but performs communications through a
communication interface and a network at low speeds. In case
that the above-described technology is directly applied to
such a microcomputet, it is necessary to provide a high speed
register between the CPU and a communication interface
(buffer) and connect the communication interface and the
high speed register by an exclusive bus, which is capable of
high speed data transfer. However it is not readily possible
because of difficulty in adapting the communication interface
to be operable at high access speed and of high cost.

SUMMARY

It is therefore an object of the present disclosure to provide
a microcomputer, which is connected to a communication
network and can prevent lowering of processing efficiency of
a host by a simple and low cost configuration.

A microcomputer includes a communication module, a
host, a read buffer, a write buffer, a read control section, a
write control section, a bypass access control section and an
access sequence control section. The communication module
performs communication with an other node connected to a
communication network. The host includes at least a CPU.
The read buffer is provided between the communication mod-
ule and the host so that the host reads out data. The write
buffer is written with data by the host. The read control
section periodically outputs a communication request to the
communication module so that the communication module
transfers data received from the external node to the read
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buffer. The communication request is for a data read destina-
tion. The write control section transfers the data written in the
write buffer to the communication module as a transmission
data. The bypass access control section controls the host to
perform reading and writing of data directly with the com-
munication module without through the read buffer and the
write buffer. The access sequence control section controls
sequence of accesses of the read control section, the write
control section and the bypass access control section to the
communication module.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a functional block diagram showing a microcom-
puter according to a first embodiment;

FIG. 2 is a timing chart showing an operation of the first
embodiment;

FIG. 3 is a schematic illustration of an image of a commu-
nication frame used in the first embodiment;

FIG. 4A is a flowchart showing access processing of a CPU
performed in the first embodiment;

FIG. 4B is a flowchart showing communication control
processing of an access sequence control section in the first
embodiment;

FIG. 5 is a functional block diagram showing partly a
microcomputer according to a second embodiment;

FIG. 6 is a timing chart showing updating entry in a read
buffer in accordance with two updating periods in the second
embodiment;

FIG. 7A is a timing chart showing cases, in which updating
periods are partly overlapping and accesses are partly con-
flicting between groups A and B in the second embodiment;

FIG. 7B is an illustration of an image of a communication
frame used in the second embodiment;

FIG. 8 is a flowchart showing details of a buffer filling
process executed in the second embodiment and correspond-
ing to the timing chart of FIG. 7A;

FIG. 9 is a functional block diagram showing an access
sequence control section as a main part of a microcomputer
according to a third embodiment;

FIG. 10 is a timing chart showing an operation of the third
embodiment;

FIG. 11 is a functional block diagram showing partly a
microcomputer according to a fourth embodiment;

FIG. 12 is a functional block diagram showing partly a
microcomputer according to a fitth embodiment; and

FIG. 13 is a functional block diagram showing partly a
microcomputer according to a sixth embodiment.

DETAILED DESCRIPTION

(First Embodiment)

Referring to FIG. 1 showing a first embodiment, a micro-
computer 1 is an integrated circuit IC. The microcomputer 1
includes a CPU (host) 2 and is connected to a communication
bus 4 (communication network) through a communication
module 3. A buffer access control section 6, a bypass access
control section 7, a write buffer 8, a read buffer 9, an access
sequence control section 10 and the like are provided between
the CPU 2 and the communication module 3.

The CPU 2 writes transmission data by accessing the write
buffer 8 through the buffer access control section 6 in trans-
mitting the data by the communication module 3. The bus size
of the CPU 2 is for example about 32 bits and an operating
clock frequency of the CPU 2 is about 10 MHz to 100 MHz.
Therefore the data transfer speed between the CPU 2 and the
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write buffer 8 is up to several Gbps. The buffer access control
section 6 outputs a write address Write Addr and a write data
Write Data to the write buffer 8. The volume of the write
buffer 8 is for example from 4 to 8 words assuming that one
word is 32 bits. The write buffer 8 renders a signal Write
Buffer Full active when data are written in all areas by the
CPU 2. The state of this signal is monitored by the CPU 2 and
the access sequence control section 10.

When writing is completed from the CPU 2 side, a write
control section 8a built in the write buffer 8 outputs a write
address Write Buffer Addr, which designates a transmission
buffer in the communication module 3, and a write data Write
Buffer Data to the access sequence control section 10. The
access sequence control section 10 outputs and transfers the
address and the data output by the write buffer 8 to the
communication module 3 as an address Req Addr and a write
data Write Data. The communication module 3 outputs and
transfers the data transferred from the write buffer 8 to a
peripheral circuit (A) 12, a peripheral circuit (B) 13 and the
like, which are provided as other communication nodes con-
nected to the communication bus 4. The peripheral circuits
12, 13 are also integrated circuits IC, respectively. The desti-
nation of transmission is determined by the address output by
the CPU 2. The transfer speed (inter-chip communication
speed) on the communication bus 4 is for example about up to
several Mbps.

The read buffer 9 is controlled by the read control section
11. The read control section 11 generates data transmission
requests to the peripheral circuits 12, 13 and the like, which
are the external nodes connected to the communication bus 4,
by periodically accessing the communication module 3
through the access sequence control section 10. The commu-
nication module 3 causes the read buffer 9 to transfer the data
received from the peripheral circuits 12, 13 and the like. The
CPU 2 reads out the data, which the communication module
3 received, by accessing the read buffer 9 through the buffer
access control section 6. The peripheral circuits 12 and 13 are
peripheral to the microcomputer 1 when viewed from the
microcomputer 1. However, these peripheral circuits 12, 13
may also be microcomputers similar to the microcomputer 1.

The read control section 11 includes a configuration inter-
face (I/F) 14, a tag memory 15, a polling time setting section
16, an update timer 17, an update control logic 18 and the like.
The I/F 14 is an interface, by which the CPU 2 performs
setting in the read control section 11 at the time of initial
setting performed when electric power is supplied to the
microcomputer 1. The CPU 2 performs setting in the tag
memory 15 and the section 16 through the I/F 14.

Entries, each of which is a block area of a unit of 32 bytes,
are defined in the data storage area of the read buffer 9. In the
tag memory 15, Buffer Addr indicating a base address of each
entry is written by a number of entries. The capacity of the
read buffer 9 is for example about 1 k bytes. A period data,
which causes the read buffer 9 to transfer data, is set in the
polling time setting section 16. This period data is loaded in
the update timer 17. The update control logic 18 outputs a
read address Read Buffer Addr to the access sequence control
section 10 in accordance with a fixed interval measured by the
update timer 17. This read address Read Buffer Addr is an
address for designating a destination (communication request
designating a communication destination), from which data
is read out. Its output pattern, that is, an object from which
data is acquired through the communication bus 4 is prede-
termined.

The access sequence control section 10 transfers the
address, which the update control logic 18 outputted, as the
address Req Addr to the communication module 3. The com-
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munication module 3 generates data transmission requests to
any one of nodes such as the peripheral circuits 12, 13 and the
like, which are connected to the communication bus 4 in
accordance with the given address. The communication mod-
ule 3 sends the data, which are returned in response to the
request, as a Read Data to the access sequence control section
10. The access sequence control section 10 transfers the
received data as a Read Buffer Data to the read buffer 9. In
case of this transferring, the update control logic 18 outputs
the write destination address of the received data Read Buffer
Data to the read buffer 9. This write destination address is 4
bytes.

When the CPU 2 reads out the data written in the read
buffer 9, it applies the read address Read Addr to the multi-
plexer 19, which is at the data output side of the tag memory
15 and the read buffer 9, through the buffer access control
section 6. The 9th and higher bits of the read address Read
Addr from the L.SB side are applied to the tag memory 15. The
tag memory 15 outputs the base address, which corresponds
to the address, to the read buffer 9. The read buffer 9 outputs
the data of 32 bytes, which correspond to the base address, to
the multiplexer 19. The 8th to 6th bits of the read address Read
Addr are applied to the multiplexer 19. The multiplexer 19
selects 4 bytes of the 32 byte data applied to the input side in
accordance with the address of 3 bits and outputs it to the
buffer access control section 6 as the read data Read Data.

Separately from the access path described above, the CPU
2 is configured to be able to directly access the communica-
tion module 3 (bypass path) through the bypass access control
section 7 and the access sequence control section 10. In this
case, the CPU 2 writes the transmission data in the commu-
nication module 3 and directly reads the reception data from
the communication module 3. The bypass access control sec-
tion 7 outputs an address Bypass Request Address and a write
data Bypass Write Data to the access sequence control section
10. In case of reading out data, the data Bypass Read Data is
acquired. The host interface 5 switches over the access path to
either one of the buffer access control section 6 or the bypass
access control section 7 in accordance with whether the
address outputted by the CPU 2 indicates an access to the
write buffer 8 or the read buffer 9 or it indicates a direct access
(bypass access) to the communication module 3.

According to the above-described configuration, the CPU
2 can read and write data by accessing the write buffer 8 and
the read buffer 9 at high speeds. Transmission of the data
written in the write buffer 8 and communication on the bus 4
are performed by a hardware without the CPU 2. Storing of
the data into the read buffer 9 is performed by the read control
section 11 and the like, which are hardwares and automati-
cally perform communication on the communication bus 4.

The data, which the CPU 2 reads out through the read
buffer 9, is likely to be a data of one cycle period ago of update
cycle period of the update timer 17. The data, which the CPU
2 transmits through the write butfer 8, is delayed by a period
of time of passing the write buffer 8. When the CPU 2 needs
to acquire a value of a specific data in synchronism with its
processing of a control program or needs to transmit it, the
CPU 2 directly access the communication module 3 through
the bypass access control section 7 while bypassing the write
buffer 8 and the read buffer 9. Thus it is also possible to
directly perform transmission and reception of communica-
tion data. Although not shown, a memory, which stores the
control program executed by the CPU 2, and a memory,
which is used as a work area and the like in executing the
control program, are directly connected to the CPU bus 20.

The operation of the first embodiment is described next
with reference to FIG. 2 to FIGS. 4A, 4B. As shown in FIG.
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4 A showing the access processing, which the CPU 2 performs
in reading and writing of data, the CPU 2 checks whether it
accesses the write buffer 8 or 9 side or it selects the bypass
path (step S1). In case of accessing the write buffer 8 or 9 side
and writing (step S2: WR), the CPU 2 refers to the signal
Write Buffer Full and checks whether the write buffer 8 is full
(step S3). If' it is not full (NO), the CPU 2 writes data in the
write buffer 8 (step S4). Thus accessing is completed. In case
ofreading (RD) at step S2, the CPU 2 reads data from the read
buffer 9 (step S5).

If the CPU 2 selects the bypass path side at step S1, the
CPU 2 refers to the signal Write Buffer Full and checks
whether the write buffer 8 is empty (the above-described
signal is inactive) (step S6). If the write buffer 8 is not empty,
it is likely that the access sequence control section 10 is being
accessed for transmission of data. The CPU 2 therefore waits
until the write buffer 8 becomes empty. When the write buffer
8 becomes empty (YES), the CPU 2 outputs the address
Bypass Request Address to the access sequence control sec-
tion 10 through the bypass access control section 7 (step S7:
generation of bus request). When the transferring correspond-
ing to reading/writing of data is completed (step S8: bus
request completion), accessing is completed. In the above-
described processing, the selection of path at step S1 is per-
formed through the host interface 5.

As shown in FIG. 4B showing the processing related to
communication control performed mainly by the access
sequence control section 10, after executing an idle state
processing (step S11), the CPU 2 checks whether the write
buffer 8 is empty (step S12) in the similar manner as step S6.
Ifitis not empty (NO), the CPU 2 causes the write buffer 8 to
perform transfer of data to the access sequence control sec-
tion 10 (step S15: write buffer process). When the data trans-
fer processing is completed, step S11 is executed.

If the write buffer 8 is empty (YES) at step S12, the CPU 2
checks whether the access request from the CPU 2 to the
bypass path is present (step S13). If the access request is
present (YES), the CPU 2 accepts the access request through
the bypass access control section 7 and processes it (step S16:
direct access process). Then step S11 is executed. If the access
request is not present (NO), the CPU 2 checks whether the
address Read Buffer Addr is generated from the update con-
trol logic 18, that is, whether a polling request is present (step
S14). If the polling request is present (YES), the CPU 2
performs the buffer fill process in response to the polling
request thereby to transfer the data received from the other
node through the communication module 3 to the read buffer
9.

In FIG. 2, (a) shows a down-counting operation, which the
update timer 17 performs. By this count operation, the period
(polling period), at which the update control logic 18 starts to
output the address Read Buffer Addr to the access sequence
control section 10, is set. A timer value set in the polling time
setting section 16 is loaded to the timer 17 and a trigger is
applied to the update control logic 18 at a timing of starting
the down-count operation. The update control logic 18
responsively starts polling (update: refresh). After the polling
is completed, the timer value of the timer 17 becomes zero
and at the same time the timer value is reloaded to repeat the
same operation.

In FIG. 2, (b) shows an inter-chip communication state.
During a fixed time from the beginning of the polling period,
the data, which the communication module 3 received, is
transferred to the read buffer 9 in response to the communi-
cation request of the update control logic 18 (step S17: buffer
fill process). Here, FIG. 3 shows an image of a communica-
tion frame, that is, a data format transferred on the bus of the
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microcomputer 1. In the read buffer 9, the data stored in one
entry is 32 bytes. Therefore, 4-byte accessing is repeated 8
times. The polling is performed consecutively in accordance
with the number of entries set in the read buffer 9.

In FIG. 2, (c) shows various accesses, which the CPU 2
performs. The CPU 2 can perform read accesses to the read
buffer 9 even in the period of data transfer (buffer updating).
Since the data transfer to the read buffer 9 is performed at low
speeds, the read access is performed by interrupting the trans-
fer operation by a read cycle of the CPU 2. When the CPU 2
writes data in the write buffer 8, the data is transmitted imme-
diately by performing the inter-chip communication. When
the CPU 2 performs accessing (read) to the bypass path in a
period other than the data transfer period of the read buffer 9,
this period is for real-time inter-chip communications.

According to the first embodiment described above, the
read buffer 9, the write buffer 8, the read control section 11
and the write control section 8a are provided between the
CPU 2 and the communication module 3. The CPU 2 directly
accesses the read buffer 9 and the write buffer 8. By periodi-
cally outputting the communication request, the read control
section 11 reads data, which the communication module 3
received from other nodes, and transfers the data to the read
buffer 9. The write control section 8a transfers to the com-
munication module 3 the data written in the write buffer 8 as
the transmission data. In addition, the bypass access control
section 7 and the access sequence control section 10 are
provided. The bypass access control section 7 controls direct
data read and data write between the CPU 2 and the commu-
nication module 3. The access sequence control section 10
controls the sequence of accesses of the control sections 6, 7,
84 to the communication module 3.

Thus, the CPU 2 is only required to perform reading and
writing data by accessing the read buffer 9 and the write buffer
8 at high speeds. Since the read control section 11 and the
write control section 8a performs the data transfer relative to
the communication module 3 at low speeds through the
access sequence control section 10, the latency of access of
the CPU 2 can be shortened and the processing efficiency can
be improved. In case that the data need be transmitted and
received in synchronization with the processing of the control
program, the data can be transmitted and received directly
through the bypass access control section 7 without through
the write buffer 8 and the read buffer 9.

When the CPU 2 outputs the write request to the write
buffer 8 while the read control section 11 is transferring the
data to the read bufter 9, the access sequence control section
10 interrupts the data transfer and allows the CPU 2 to write
data in the write bufter 8 with priority. Thus, while the data is
being transferred to the read buffer 9, the CPU 2 is enabled to
persistently perform accessing to the write buffer 8 without
being interrupted. When the CPU 2 outputs the bypass access
request while the read control section 11 is transferring the
data to the read bufter 9, the access sequence control section
10 interrupts the data transfer and allows the CPU 2 to access
the communication module 3 with priority. Thus, while the
data is being transferred to the read buffer 9, the CPU 2 is
enabled to persistently perform accessing to the communica-
tion module 3 without being interrupted.

(Second Embodiment)

Inasecond embodiment shown in FIG. 5to FIG. 8, the read
control section 11 is configured differently from the first
embodiment. In the read control section 11, each of the poll-
ing time setting section 16 and the update timer 17 is provided
in two sets as designated by 16A, 16B and 17A, 17B. Difter-
ent timer values are set in the update timers 17A, 17B by the
polling time setting sections 16A, 16B, respectively. The
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update control logic 18 receives trigger signals from the
update timers 17A, 17B and changes output addresses Read
Buffer Addr based on which update timer 17A, 17B outputted
the trigger signal.

FIG. 6 shows states of updating entries in the read buffer 9
in correspondence to two update periods TA, TB generated by
the update timers 17A, 17B. In FIG. 6, (a) and (b) correspond
to an A-side (group A) and a B-side (group B), respectively.
Updating of each entry corresponds to data of 32 bytes (8x4
bytes). In an initial interval in each period, the entries (0) to
(3) and the entries (4) to (7) are updated.

FIG. 7A shows cases, in which update periods TA, TB
partly overlap and accesses partly overlap between the groups
A, B. At time t1 in the figure, the CPU 2 is assumed to write
data in the write buffer 8 while the read buffer 9 (entries (0) to
(3)) is being updated by the group A. At this moment, updat-
ing of the read buffer 9 is temporarily interrupted as indicated
by INT(WB) and writing in the write buffer 8 is performed
with priority.

When the update request is generated at time t2 by the
group B while the read bufter 9 is being updated by the group
A, this update request is made pending, that is, updating is
interrupted by the group A as indicated by INT(A). When the
updating by the group A is completed at time t3, the entries (4)
to (7) are updated by the group B. At time t4, the update
requests for the read buffer 9 are generated by the group A, B
at the same time. In this case, updating of the group A side is
given priority and the request of the group B is made pending.

When the write request for the write buffer 8 and the bypass
access request are generated at times t5 and t6, respectively,
while the group A side is being updated, these requests are
given priorities and the updating of the group A side is made
pending, that is, the updating is interrupted as indicated by
INT(WB) and INT (BA). When the bypass access is com-
pleted at time t7, updating by the group A is continued. When
this updating is completed, updating of the group B side is
performed at time t8. FIG. 7B shows an image of the com-
munication frame at times t4 to t7. While the read buffer 9 is
being updated by the group A, the write buffer data and the
bypass access data are interrupting.

In case of the timing chart of FIG. 7, the buffer fill process
is performed as shown in FIG. 8. Even while the read bufter 9
is being updated, the access sequence control section 10
checks whether the write request (step S21) or the bypass
access request (step S22) for the write buffer 8 is generated.
When either one of the requests is generated (YES), such a
request is performed with priority (S15, S16). While none of
the requests is being generated (step S22: NO), the read buffer
9 is updated (step S23).

According to the second embodiment, in case that the read
control section 11 is configured to generate the communica-
tion requests at a plurality of independent periods TA, TB, the
access sequence control section 10 accepts other communi-
cation requests after completion of data transfer, which is
being performed, when the communication request corre-
sponding to the other periods is generated in a period, in
which data transfer for the read buffer 9 is being performed by
the read control section 11 in accordance with the communi-
cation request based on any one of completions. As a result,
even when the data transfer to the read buffer 9 is performed
based on a plurality of periods, the access sequence control
section 10 regulates the sequence of accesses to perform the
data transfer surely. It is of course possible to perform it by
generating three or more periods.

(Third Embodiment)

In a third embodiment shown in FIG. 9 and FIG. 10, the

access sequence control section 10 partly includes a configu-
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ration, which is shown in a logic circuit form. The access
sequence control section 10 includes two AND gates 32, 33
and two multiplexers 34, 35. The bypass request signal and
the write buffer request signal are applied to one input termi-
nals of the AND gates 32 and 33, respectively. These request
signals correspond to the addresses, Bypass Request Addr
and the Write Buffer Addr. If it is possible to separate both
signals by a specific bit of the address, specific bits may be
assigned, respectively. It is also possible to generate the
request signals by decoding respective addresses.

A read buffer priority signal is applied to the other inverted
input terminals of the AND gates 32, 33. The timer value of
the update timer 17 is compared with a threshold value set in
apriority change threshold setting register 37 by a comparator
38. If the timer value falls below the threshold value, the read
buffer priority signal becomes active (high).

An output terminal of the AND gate 32 is connected to one
input terminal of the multiplexer 34 and also to a selection
switch-over terminal of the multiplexer 34. The read buffer
request signal corresponding to the address Read Buffer Addr
is applied to the other input terminal of the multiplexer 34.
The output terminal of the AND gate 33 and an output termi-
nal of the multiplexer 34 are connected to input terminals of
a multiplexer 35. The output terminal of the AND gate 33 is
also connected to a selection switch-over terminal of the
multiplexer 35.

Each of the multiplexers 34, 35 selects the input terminal L
side and the input terminal H side when the signal level at the
selection switch-over terminal is low and high, respectively.
The output terminal of the multiplexer 35 applies the address
Req Addr to the communication module 3. In FIG. 9, the
address and the signal based on the address are shown without
distinction. In practice, the address corresponding to the
request selected through the multiplexer 35 is applied to the
communication module 3 as the address Req Addr.

The operation of the third embodiment will be described
next with reference to FIG. 10. At the initial part of the update
period of the read buffer 9, the read buffer priority signal is
inactive (low) as shown by (¢), (d). When the write request to
the write buffer 8 is generated while the read buffer 9 is
transferring data in this state as shown by (a), the write buffer
request signal is selected in the multiplexer 35 and hence
writing in the write buffer 8 is performed with priority as
shown by (b). When the access request for the bypass path is
generated, the bypass request signal is selected through the
multiplexers 34, 35 and hence the access to the bypass path is
performed with priority. The timer value of the update timer
17 decreases as shown by (d). When the timer value falls
below a priority change threshold value set in the register 32,
the read buffer priority signal becomes active as shown by (c).

When the latter is performed with priority from the begin-
ning of the update period, for example, due to competition
with the access request for the bypass path and the period of
such performance, the update of the read buffer 9 remains
pending and the timer value of the update timer 17 continues
to become lower. When the timer value falls below the thresh-
old value set in the register 32, the read buffer priority signal
becomes active. As a result, the buffer request signal (address
Read Buffer Addr) is outputted to the communication module
3 through the multiplexers 34, 35. Then the read buffer 9 is
updated with priority.

When the remaining time of the update period reaches a
limit time, which completes the data transfer within the
update period, in case that the communication module 3
transfers the received data to the read buffer 9, the read control
section 11 outputs the priority signal, with which the read
control section 11 itself accesses the communication module
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3 with priority. When the priority signal is applied, the access
sequence control section 10 allows the read control section 11
to access the communication module 3 with priority over the
request of transferring data to the communication module 3
by the write control section 8a and the bypass access control
section 7. Thus, the data transfer to the read buffer 9 can be
completed surely within the update period.

(Fourth Embodiment)

In a fourth embodiment shown in FIG. 11, the read buffer
9 is controlled by the read control section (data update sec-
tion) 11. The read control section 11 includes the tag memory
15. The write data Write Buffer Data, the data Bypass Read
Data and the data Bypass Write Data are applied to the read
buffer 9 as update data Update Data. The write data Write
Buffer Data is outputted by the write buffer 8 to the access
sequence control section 10. The data Bypass Read Data is
outputted to the bypass access control section 7 through the
access sequence control section 10. The data Bypass Write
Data is outputted from the bypass access control section 7 to
the access sequence control section 10.

In the tag memory 15, the base address Update Addr for
designating the entry, in which the data Update Data is stored,
is also set in the initial setting. Since its base address Update
Addr is applied to the read buffer 9, the write address Write
Buffer Addr, which the write buffer 8 outputs to the access
sequence control section 10, and the address Bypass Request
Addr, which the bypass access control section 7 outputs to the
access sequence control section 10, are applied. The address
bus and the data bus are shown partly as being directly con-
nected. However this does not mean that the buses are physi-
cally connected. Rather this means that the address and data
are inputted to the read buffer 9 and the tag memory 15 in the
OR condition.

In the fourth embodiment, when the data, which the CPU 2
wrote in the write buffer 8, is outputted with the address to the
communication module 3 through the access sequence con-
trol section 10, the base address Update Addr is applied to the
read buffer 9 through the tag memory 15. At the same time,
the write data Write Buffer Data is inputted to the read buffer
9 as the data Update Data for updating, and hence the corre-
sponding entry is updated by the data Write Buffer Data.

For example, the data, which the CPU 2 transmits to an
external side, are data that are written and stored in an external
memory device and the like such as a HDD or a memory card
and data that need be stored as the set data. These data are
updated only by the CPU 2. By thus writing the write data also
in the read buffer 9 and updating the corresponding entry,
coherency of data can be maintained surely. Also in a case that
the CPU 2 accesses by the bypass path through the bypass
access control section 7, the base address Update Addr is
applied to the read buffer 9 by the address Bypass Request
Addr, and the data Bypass Read Data or the data Bypass Write
Data is applied as an update data Update Data. The corre-
sponding entry is thus updated.

As described above, according to the fourth embodiment,
the read control section 11 updates the data of the read buffer
9, when the write control section 8a transfers the data written
in the write buffer 8 to the communication module 3. The
CPU 2 updates the data of the read buffer 9 in case of reading
and writing data with the communication module 3 through
the bypass path. The CPU 2 can thus immediately reflect in
the read buffer 9 the data which is written in the write buffer
8 and transmitted to the other communication node, the data
which is directly transmitted to the other communication
node or the data which is directly received from the other
communication node.
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10
(Fifth Embodiment)

In a fifth embodiment shown in FIG. 12, the microcom-
puter 1 is connected with two communication buses 4A, 4B.
The peripheral circuit 12 is connected to the communication
bus 4A and the peripheral circuit 13 is connected to the
communication bus 4. The microcomputer 1 includes two
communication modules 3A, 3B and two access sequence
control sections 10A, 10B in correspondence to the commu-
nication buses 4A, 4B, respectively. The access sequence
control sections 10A, 10B form a part of a communication
selection section 53 together with a communication 1D
decoder (communication decoder) 52.

The communication ID decoder 52 switches over the input-
ted addresses and data buses by selecting either one of a set of
the access sequence control section 10A and the communi-
cation module 3A and a set of the access sequence control
section 10B and the communication module 3B in accor-
dance with the address value outputted from the CPU 2, the
read control section 11 and the like to designate the destina-
tion of communication. The communication bus 4A, 4B may
be divided into three or more and correspondingly the number
of sets of the communication module 3A, 3B and the access
sequence control section 10A, 10B may be three or more.

According to the fitth embodiment, as described above, a
plurality of communication modules 3A, 3B and a plurality of
access sequence control sections 10A, 10B are provided. The
ID decoder 52 determines which set of the communication
modules 3A, 3B and the access sequence control sections
10A, 10B should be used in accordance with the destination
of communication designated by the CPU 2 or the read con-
trol section 11.

(Sixth Embodiment)

In a sixth embodiment shown in FIG. 13, the microcom-
puter 1 includes a plurality of CPUs 2A, 2B and the like and
a plurality of DMA controllers (hosts) 62A, 62B and the like
are connected to the CPU bus 20. Thus a multi-host configu-
ration is provided. Right of using the CPU bus 20 is regulated
by a bus regulation section 63. A circuit, which is given the
right of use is allowed to access the write buffer 8 and the read
buffer 9 through the host interface 5. According to the sixth
embodiment configured above, the microcomputer 1 may be
implemented even in case that a plurality of hosts is provided.

The above-described embodiments may be modified as
follows.

Writing of data in the write buffer 8, which is generated
while data is being transferred to the read buffer 9, and pro-
cessing, which is performed with priority of accessing the
bypass path, may be performed when necessary. If sufficient
time is surely provided for the read control section 11 to
transfer data to the read buffer 9, the configuration of the third
embodiment is not necessary. The host need not be the CPU 2
orthe DMA controller 62, but may be a DSP, for example. The
data bus size, memory capacity, data transfer speed and the
like may be changed in correspondence to each design.

What is claimed is:

1. A microcomputer, which includes a communication
module to perform communication with another node con-
nected to a communication network, the microcomputer
comprising:

a host, which includes at least a CPU;

a read buffer, which is provided between the communica-
tion module and the host and from which the host reads
out, at a speed higher than a communication speed of the
communication network, data preciously read out from
the communication module;

a write buffer, which is provided between the communica-
tion module and the host and into which the host writes
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data at a speed higher than the communication speed of
the communication network;

a read control section stored in a memory, which periodi-
cally outputs a communication request to the communi-
cation module so that the communication module trans-
fers data received from the other node to the read buffer,
the communication request including a data read desti-
nation designated by the host;

a write control section stored in the memory, which trans-

12

the access sequence control section accepts an other com-
munication request after completing the transfer of data
being performed, when the other communication
request of the other period is generated while the read
control section is performing the transfer of data to the
read buffer in response to any one of the communication
requests.

6. The microcomputer according to claim 1, wherein:

the communication module and the access sequence con-

fers the data written in the write buffer to the communi- 10 . . .
. . trol section are provided for each of other communica-
cation module as a transmission data; . L.
. . tion nodes connected to the communication network;
a bypass access control section stored in the memory,
A . .. and
which enables the host to perform reading and writing of .. . . . .
data directly with the communication module rather a communication decoder IS.pI'O.Vlded to determine which
than through the read buffer and the write buffer upon 15 one of sets of comn}umgatlon mpdules and access
request from the host; and sequence control sections is used in accordance with
an access sequence control stored in the memory, which communication Qestination designated by the host or the
variably controls a sequence of accesses of the read read cgntrol section. ) ) )
control section, the write control section, and the bypass 7. The microcomputer according to claim 1, wherein:
access control section to the communication module, 20  the read control section outputs a priority signal for access-
and which selects a data transfer path between the host ing to the communication module with priority, when a
and the communication module either through, or remaining time of the period reaches a limit time pro-
bypassing, the read buffer and the write buffer, wherein vided to complete the transfer of data within a period in
the access sequence control section interrupts transfer of case of transferring the data, which the communication
data and causes the host to perform writing of data into 25 module received, to the read buffer; and
the write buffer with priority, when the host generates a the access sequence control section allows, in response to
request of writing in to the write buffer while the read the priority signal, the read control section to access the
control section is transferring data to the read buffer, communication module with priority over the request of
the access sequence control section interrupts transfer of transferring data to the communication module by the
data and causes the host to perform an access to the 30 write control section and the bypass access control sec-

communication module with priority, when the host
generates a request of access to the communication

tion.
8. A microcomputer, which includes a communication

module, which is performed through the bypass access
control section, while the read control section is trans-
ferring data to the read buffer, and 35

module to perform communication with another node con-
nected to a communication network, the microcomputer
comprising:

access to the write buffer, by the host, for transferring data
to the access sequence control section is performed with
priority over direct access to the access sequence control
section, by the host, through the bypass access control

the read control section generates the communication
request at a plurality of independent periods; and

a host, which includes at least a CPU;

a read buffer, which is provided between the communica-
tion module and the host and from which the host reads
out, at a speed higher than a communication speed of the

section. 40 communication network, data previously read out from

2. The microcomputer according to claim 1, wherein: the communication module;

the read control section outputs a priority signal for access- a write buffer, which is provided between the communica-
ing to the communication module with priority, when a tion module and the host and into which the host writes
remaining time of the period reaches a limit time pro- data at a speed higher than the communication speed of
vided to complete the transfer of data within a period in 45 the communication network;
case of transferring the data, which the communication a read control circuit stored in a memory, which periodi-
module received, to the read buffer; and cally outputs a communication request to the communi-

the access sequence control section allows, in response to cation module to read data so that the communication
the priority signal, the read control section to access the module transfers data received from the other node to the
communication module with priority over the request of 50 read buffer, the communication request including a data
transferring data to the communication module by the read destination designated by the host;
write control section and the bypass access control sec- a write control circuit stored in the memory, which trans-
tion. fers the data written in the write buffer to the communi-

3. The microcomputer according to claim 1, further com- cation module as a transmission data;

prising: 55 abypass access control circuit stored in the memory, which

a data update section stored in the memory, which updates enables the host to perform reading and writing of data
the data of the read buffer in case of transferring the data directly with the communication module rather than
written in the write buffer to the communication module. through the read buffer and the write buffer upon request

4. The microcomputer according to claim 1, further com- from the host; and

prising: 60  an access sequence control circuit stored in the memory,

a data update section stored in the memory, which updates which variably controls a sequence of accesses of the
the data of the read buffer in case of reading and writing read control circuit, the write control circuit and the
data with the communication module through a bypass bypass access control circuit to the communication
path. module, and which selects a data transfer path between

5. The microcomputer according to claim 1, wherein: 65 the host and the communication module either through,

or bypassing, the read buffer and the write buffer,
wherein
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the access sequence control circuit interrupts transfer of
data and causes the host to perform writing of data into
the write buffer with priority, when the host generates a
request of writing into the write buffer while the read
control circuit is transferring data to the read buffer,

the access sequence control circuit interrupts transfer of
data and causes the host to perform an access to the
communication module with priority, when the host
generates a request of access to the communication
module, which is performed through the bypass access
control circuit, while the read control circuit is transfer-
ring data to the read buffer, and

access to the write buffer, by the host, for transferring data
to the access sequence control circuit is performed with
priority over a direct access to the access sequence con-
trol circuit, by the host, through the bypass access con-
trol circuit.
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